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ABSTRACT 
 
 
 
 
Titanium and its alloys are widely employed in many industrial fields, due to 
their high specific strength and good corrosion resistance. On the other hand, these 
materials show relatively low shear strength and high coefficient of friction. As   
matter of fact, the poor wear resistance of these materials is still a limit to a wider 
use. However, these disadvantages mainly concern on bulk materials and can be 
avoided by using intermetallic coatings. Thin hard coatings have good wear 
resistance only when they have both good cohesion and adhesion. In this study, the 
effect of substrate temperature of titanium aluminium nitride (TiAlN) coating on the 
titanium alloy substrate using PVD method was evaluated. The TiAlN coating was 
deposited on Ti-6Al-4V substrate by DC magnetron sputtering process at various 
temperature. The reactive sputter gas with a mixture of Ar (99.999%) and N2 
(99.999%) with flow rate of 20sccm and 10 sccm respectively was used. The 
substrate temperature was set at 200 °C, 240 °C and 300 °C, and the bias was kept at 
-60V for all the coatings. Structural characterization of the coating was done using 
X-ray diffraction (XRD). The XRD measurements showed the presence of Ti2AlN 
and also, the results show that its intensity was decreased with substrate temperature, 
however there was no changes in crystalline structure was occurred. The substrate 
temperature during the growth, change in crystalline structure will not occur. The 
surface roughness of the coating was determined using an Atomic Force Microscope 
(AFM). From three-dimensional AFM analysis it was indicated that the surface 
roughness will decrease as the substrate temperature increases. And also, Cross-
sectional FESEM indicated the presence of dense columnar structure. The 
mechanical properties of the coating layers (cohesion and adhesion) were deduce by 
both Rockwell-c adhesion test and knife test. These two tests indicated that by 
increasing substrate temperature, the adhesion and cohesion were also increased.  
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ABSTRAK 
 
 
 
 
Titanium dan aloi digunakan dengan meluas di industri disebabkan oleh 
kekuatan spesifiknya yang tinggi dan rintangan kakisan yang baik. Sungguhpun 
demikian bahan-bahan ini menunjukkan kekuatan ricih yang rendah dan pekali 
geseran yang tinggi. Jadi disebabkan oleh rintangan haus yang rendah, maka 
kegunaan bahan ini menjadi amat terhad. Kelemahan ini menjadi amat serius bagi 
bahan-bahan pukal dan boleh dielakkan dengan menggunakan salutan antara logam. 
Salutan keras nipis ini mempunyai rintangan haus yang baik sekiranya mempunyai 
kedua-dua sifat “cohesion” dan “adhesion” yang baik. Dalam kajian ini, kesan suhu 
substrat aloi titanium dengan salutan titanium aluminum nitrat (TiAlN) 
menggunakan teknik enapan wap fizikal telah dinilai. Salutan TiAlN ini telah disalut 
di atas Ti-6Al-4V substrat menggunakan kaedah percikan DC magnetron pada suhu 
substrat yang berbeza. Percikan gas reaktif dengan campuran Ar (99.999%) dan N2 
(99.999%) dengan kadar aliran 20 sccm dan 10 sccm telah digunakan. Suhu substrat 
telah ditetapkan pada 200
o
C, 240
o
C dan 300
o
C, dan bias telah ditetapkan pada -60V 
untuk kesemua proses salutan. Pencirian mikrostruktur telah dilakukan menggunakan 
pembelauan sinar-x (XRD). Pengukuran XRD menunjukkan kehadiran hablur 
TiAlN, dan intensitinya berubah dengan suhu substrat, walaubagaimanapun 
perubahan struktur hablur adalah tidak berlaku. Kekasaran permukaan telah 
ditentukan menggunakan “Atomic Force Microscope (AFM)”. Daripada analisis 
AFM tiga dimensi ianya menunjukkan bahawa kekasaran permukaan berkurang 
dengan peningkatan suhu substrat. Juga, daripada FESEM keratan rentas 
menunjukkan kewujudan struktur kolumnar. Sifat-sifat mekanikal lapisan salutan 
(“cohesion” dan “adhesion”) telah dianalisa menggunakan ujian “Rockwell-C 
adhesion” dan ujian pisau. Kedua-dua ujian ini menunjukkan dengan peningkatan 
suhu substrat, “cohesion” dan “adhesion” akan meningkat. 
